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DEVICE FOR TRANSMITTING OPTICAL 
SIGNALS 

BACKGROUND OF THE INVENTION 

The present invention relates to a device for transmitting 
optical signals, particularly via interfaces betWeen compo 
nents mobile for rotation or translation. 

In many applications With optical data transmission using 
optical Waveguides, a transmission via rotating interfaces is 
also required. To this end, various appropriate single-chan 
nel transmission systems have become knoWn in the prior 
art. As the data rates increase, the number of channels to be 
transmitted is also increased. Hence the ?elds of application 
for multi-channel transmission systems have gone through a 
strong expansion. 
When cable drums With optical Waveguides in the cable 

are used, for example, in Which data must be transmitted via 
the optical Waveguides While the cable is reeled off or Wound 
onto the drum, an optical multi-channel transmitter is nec 
essary. Such cable drums are employed, for instance, in 
remotely operated vehicles (ROV) for movement on land or 
at sea (bomb deactivation drone, diving robots in offshore 
industry) or as sonar toWed vehicles trailing behind ships for 
surveying the sea ?oor. Examples of other ?elds of appli 
cation for multi-channel transmitter are rotatable remote 
prospecting and reconnaissance instruments for civil, scien 
ti?c and military applications, Which generate high data 
streams (radar, IR/visual, etc.), such as camera heads under 
helicopters, unmanned aerial vehicles (UAV), large-scale 
telescopes, satellites. 

The on-board application in ships and aircraft requires a 
sturdy design (shocks and vibrations), especially as far as the 
adjustment stability is concerned (Which is obviously easier 
to realiZe in a small number of small components than in a 
great number of large ones). In the case of aircraft, particu 
larly in drone missiles, a loW Weight and small dimensions 
constitute an additional decisive criterion that is hardly 
satis?ed by the solutions so far knoWn. 
Numerous approaches to solutions are knoWn for multi 

channel rotary transmission. The essay by Speer and Koch 
“The diversity of ?bre-optic rotary connectors” in: SPIE vol. 
839, pp. 1224129, provides a sound survey. 
The approaches to solutions can be classi?ed as folloWs 

on principle: 
1. Concentric ?ber bundles in Which the light of the 

respective channel to be transmitted is distributed among 
concentric (holloW) cylindrical optical Waveguide arrays 
that can be rotated relative to each other at the interface as 
described in US. Pat. No. 4,027,945. 

The essential disadvantage of this knoWn array resides in 
the fact that the optical Waveguides require increasing 
diameters as the respective channel is located farther to the 
outside. This system can be very Well realiZed, for example, 
With synthetic optical Waveguides. A transmission With 
single-mode ?bers is practically precluded because these 
?bers can hardly be mounted in a suf?cient number With a 
su?icient precision as a result of their extremely small core 
diameter. As the ?ber diameter increases, the dispersion 
increases as Well and hence the bandWidth or data rates that 
can be transmitted are reduced. This system does therefore 
not satisfy the demands on advanced data transmission 
systems requiring transmission in the Gbit/s range. 

2. Coaxial imaging arrays are substantially based on the 
fact that a ?xed (focal) point on the other side of the interface 
is associated With an emitting element rotating in an annular 
Zone. The imaging function is implemented by an appropri 
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2 
ate optical element such as a lens With different focal lengths 
for different annular Zones (published in the laid-open 
German patent application DE 32 07 469 Al) or a holo 
graphic-optical element (published in the laid-open German 
patent application DE 197 80 642 Al). 
The disadvantage of the ?rst-mentioned knoWn approach, 

i.e. the situation that all receiving ?bers are disposed on the 
optical axis (OA) and that hence shading occurs, is avoided 
in the holographic-optical elements (HOE). HoWever, the 
production of the HOE elements is presently still expensive 
When high ef?ciency ratios are required, and, due to the 
smaller angles of deviation in the preferably employed 
binary HOE elements, large structural dimensions are 
involved. For single-mode ?bers, HOE elements can pres 
ently be used only With high losses. Moreover, this method 
can be applied in a unidirectional mode only. Advanced 
high-speed bus systems, hoWever, principally require a 
bi-directional communication. 

3. Imaging arrays With rotation compensation. Here, an 
optical element such as a Dove prism (described in US. Pat. 
No. 3,428,821) or a “de-rotation plate” (US. Pat. No. 
4,258,976) rotating at precisely half the rotational speed 
compensates for the rotation. Hence, an array of the faces of 
the incoming ?bers is projected onto the associated respec 
tive outgoing ?bers. 

The support and the drive of the de-rotating element With 
precisely half the rotational angular velocity, compared 
against the principal motion, require an expensive mechani 
cal high-precision system. Moreover, the interposition of the 
de-rotating element requires long open light paths and high 
coupling losses involved. Speci?cally With the application 
of single-mode ?bers an insu?icient quality in optical trans 
mission is achieved. 
Among the transmission systems presented here, the tWo 

systems mentioned ?rst must be ruled out for the majority of 
applications because they do not involve a suf?cient band 
Width or because they permit only a unidirectional trans 
mission. For this reason, the illustrated arrays With rotation 
compensation Will preferably be discussed in the folloWing 
description. Here, the nucleus consists in inverting optical 
elements that are rotated With half the angular velocity of the 
principal rotation. The light beams of the individual trans 
mission channels may be inverted With an odd number of 
re?ections by diffraction in a single axis only or by the shape 
of a pipe of optical conductors. The most important designs 
of an inverting optical element for these purposes, Which are 
mentioned in literature, are as folloWs: 
Dove prism 
delta prism 
Schmidt-Pechan prism 
centrally mirrored sphere 
inverting optical-?ber bundle (de-rotation plate) 
axially mirrored gradient rod lens (slab lens). 
The considerations of the optical systems described herein 

are not only applicable to systems rotating relative to each 
other but also to systems displaceable along an axis. In 
linearly displaceable systems, a de-rotating element is, of 
course, not necessary. 
The optical systems used for coupling and decoupling 

have a decisive in?uence on the quality of the transmission 
systems described here. Various designs of these optical 
systems in correspondence With prior art, speci?cally those 
envisaged for the application of the third transmission 
technology operating on de-rotating elements, Will be 
explained beloW. Even though the discussion Will focus on 
exemplary glass ?bers these considerations apply, by Way of 
analogy, to other forms of optical Waveguides as Well, such 
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as synthetic light-conducting ?bers, or to active components 
such as transmitters or receivers. 

U.S. Pat. No. 4,725,116 discloses a modular multi-chan 
nel transmission system. There, each channel is transmitted 
by a separate mirror. The mechanical complexity of this 
system is substantial because a separate optical system and 
a corresponding precise supporting system are required for 
each mirror. Apart therefrom, the length of the optical paths 
increase as the number of channels increases, Which, in its 
turn, means an impairment of the optical characteristics. 
Moreover, attenuation peaks occur at those sites Where the 
feeding ?bers pass the optical path. Furthermore, the overall 
length and the Weight increase in proportion to the number 
of channels. As a consequence, the unit groWs to a siZe that 
is unacceptable for many applications With a small number 
of channels already. 

U.S. Pat. No. 4,872,737 discloses a multi-channel trans 
mitter operating on the basis of a Dove prism. Beam 
coupling or decoupling is performed by several separate 
collimators. These collimators must be adjusted individu 
ally. A precise adjustment requires a comparatively long 
mechanical lever or a ?ne thread that requires additional 
space, too. As a result, the area to be proj ected, ie the entire 
surface projected via the de-rotating system, increases as the 
number of channels and the precision in adjustment 
increases. Therefore, a larger optical system is necessary 
Which, in its turn, displays a higher optical attenuation as a 
result of the longer paths and, at the same time, involves 
higher demands on the precision in adjustment. For this 
reason, the enlargement of a mechanical lever in such an 
approach, for example, for an increase of the precision in 
adjustment does not result in an improvement. As the 
number of channels increase, rather improved adjustment 
systems must be found Which involve a higher precision in 
adjustment at the same space requirement. Here the rhom 
boid prism mirrors for beam deviation or parallel beam shift, 
Which are equally proposed in that above-mentioned patent, 
offer one possible solution. Even though the application of 
a larger-size de-rotation system is therefore avoided, the 
additional optical path and the additional surfaces entail an 
impairment of the optical transmission. The additional com 
ponents increase the system costs. 
An extremely ?exible adjustment Without a strong 

enlargement of the area to be projected is proposed in Us. 
Pat. No. 5,157,745. The adjustment of the individual chan 
nels is performed here by correction lenses disposed for 
displacement in a direction orthogonal on the optical path, 
Which can be used, via adjustment, to achieve the high 
precision required for single-mode transmission. The solu 
tion is very complex and expensive because a high number 
of components must be subjected to a troublesome time 
consuming adjustment process. The additional adjustment 
components render the transmission system bulky, heavy 
and expensive. This system is certainly Well-suited for 
stationary applications such as those in radar installations, 
but in mobile applications, Which involve the occurrence of 
shocks and vibrations, the optical system Will become mis 
aligned very soon. Apart therefrom, due to the high number 
of air/ glass transitions a Worse quality in transmission Will 
be achieved than in comparable systems Without such tran 
sitions. 

In an approach to avoid the aforedescribed disadvantages 
according to Us. Pat. No. 5,442,721, a bundle of conven 
tional collimators is mounted as a complete unit into the 
transmitter. As a consequence, only a single adjustment of 
the entire collimator bundle is still required. A substantial 
disadvantage of such bundling resides, hoWever, in the fact 
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4 
that the rather substantial tolerances of the individual colli 
mators cannot be compensated. The individual collimators 
as such are composed of ?ber mounts and lens systems that 
are ?xedly interconnected in a ferrule. The mounting pre 
cision of these collimators is limited and, as a rule, does not 
satisfy the demands on a rotary transmitter system. Such an 
approach, in Which individual adjustment of the collimators 
is no longer possible, is therefore not applicable speci?cally 
in a single-mode transmission system. 

All the aforedescribed solutions involve the disadvantage 
that a suf?cient optical precision cannot be achieved on 
account of lack of adjustment potentials or that adjustment 
is highly complex and unreliable in continuous operation. 
Moreover, none of the aforedescribed solutions permits the 
realiZation of high channel numbers With more than 5 to 10 
channels. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an optical 
transmission system for rotary or translational movements 
Which avoids the aforementioned disadvantages and Which 
an be realiZed With high numbers of channels at a high 
quality in transmission at loW cost. 

All the approaches in correspondence With the prior art 
attempt to realiZe a high accuracy at a high quality in 
transmission by, on one hand, a proper adjustment or, on the 
other hand, a simple adjustment at a loW transmission 
quality. The present inventive device achieves a high pre 
cision and hence a high transmission quality With simple 
adjustment. 

This is achieved by use of optical components con?gured 
as a micro-optical system Which is produced from one piece 
by uniform processes. Hence, a micro-optical component is 
a multi-functional device in Which the different sub-func 
tions are created precisely by such a uniform process. 
Examples of the integration of several functions are lens 
arrays With many lenses, for instance, or also combinations 
of lenses and mechanical ?ber mounts. Examples of the 
processes and manufacturing technologies suitable to this 
end are Liga, laser Writing, and the like. They are frequently 
adopted from semiconductor technology or micro-system 
technology or are related to these processes, respectively. 
Hence, several partial components or functional parts can be 
manufactured in one process at maximum accuracy. 
The use of a micro-optical system is particularly based on 

the recognition that, on one hand, the addition of tolerances 
can only be prevented by a uniform overall process and that, 
on the other hand, a reduction of the area to be projected 
reduces the optical paths and that hence the sensitivity to 
tolerances can be loWered. 

In the prior art transmission systems, the optical compo 
nents Were separately produced by conventional optical 
manufacturing processes such as grinding and polishing of 
individual lenses. The lenses so produced are then com 
posed, for instance, together With the glass ?bers in a ferrule 
to form a collimator. In such a conventional manufacturing 
technology, the tolerances of all the individual process steps 
are added. These tolerances may be contour aberrations and 
dimensional tolerances of the lenses, positional errors of the 
lenses in the collimators, positional tolerances of the glass 
?ber relative to the lens, tolerances of the ferrule, and 
positional tolerances of the ferrule in the transmitter. 

In an embodiment of the present invention, by contrast, 
many tolerances are precisely de?ned and reproducible 
already by the process speci?cations. For example, the 
distance betWeen the individual optical systems are invari 
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ably predetermined With minimum tolerances in a litho 
graphic process. A subsequent assembly or adjustment does 
not change anything in this situation. Certain process-de 
pendent aberrations and tolerances, Which can never be 
completely eliminated even though they can be minimized, 
are constant throughout the entire arrangement. For instance, 
a strabismus of the optical system, Which is caused by the 
arrangement of the glass ?ber With a shift to the lens, Will be 
equal in all optical systems and can hence be compensated 
by a simple adjustment of the overall system. With indi 
vidually manufactured components, by contrast, this stra 
bismus exists in different degrees in different directions and 
can therefore be compensated only by individual adjust 
ment. 

With the con?guration as micro-optical system as pro 
vided by the present invention, the area of the overall system 
can be reduced, Which is to be projected, mostly by more 
than one order. Hence, the cross-sectional area and also the 
length of the de-rotating element can be reduced correspond 
ingly. Consequently, shorter optical paths are formed, and 
hence higher qualities in transmission as Well as loWer 
sensitivity to mechanical tolerances are achieved. 

In conclusion, the advantages of the inventive device can 
be summarized as folloWs: 

The microtechnology permits the manufacture of these 
components With a precision that Would not be possible 
in the case of an assembly of separate elements. The 
addition of individual manufacturing tolerances can be 
prevented. The distances betWeen the structural ele 
ments are predetermined With minimum tolerances. 

Due to the high positioning accuracy in micro technology, 
the outside contours of the components can be pro 
duced With centric ?ts so that the position relative to the 
axis of rotation need no longer be adjusted by the time 
of integration into the overall system. 

Due to the smaller number of separate optical elements to 
be adjusted (and hence a smaller number of setting 
screWs, adjusting ?anges), the manufacturing costs are 
reduced but reliability is increased. 

With the (quasi) monolithic structure of the optical sys 
tems on the input and output sides, complex and 
expensive adjustment operations on the individual 
channels are omitted or they can be considered Within 
the scope of the manufacture of the components. 

The distinctly smaller shape permits the use of less 
expensive mechanical parts, eg de-rotating element, 
bearings, gearings, or savings in costs, respectively. 

As a result, an overall system With substantially smaller 
dimensions is also achieved. This opens up a great 
number of neW applications. 

The ?exible manufacturing methods in micro technology 
permit easy adaptation to the required number of chan 
nels or the optical quality of the channels. 

In the case of high-bit rate systems of the future, Which are 
operated in the range of light Wavelengths above 1,300 
nm, silicon components can be used Which are excel 
lently suitable for micro structuring and display very 
good optical properties on account of the high refrac 
tive index. 

Due to the generally reduced dimensions, the required 
free light path is shorter and along With this measure the 
losses in transmission are smaller. 

It is also contemplated by the present invention, of course, 
to combine conventional manufacturing techniques With the 
inventive technology to create a transmission system. 
According to the invention, some channels for Wide-band 
data transmission can be realiZed in micro system technol 
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6 
ogy, for example, While additional channels involving loWer 
demands, may be manufactured With synthetic light-con 
ducting ?bers in a conventional process. 

It is equally conceivable to use micro-optical components 
on one side of the transmission system and conventional 
components on the other side. The optical components 
described here can also be employed for signal transmission 
betWeen stationary components, eg in plugs, Without any 
problems. 

In a particularly expedient embodiment of the invention, 
the beam-guiding or beam-shaping elements include at least 
one active or passive optical element. This embodiment 
hence permits not only an indirect beam conduction or 
shaping, eg as mount for a light-conducting ?ber to be 
guided, but also a direct conduction, eg through micro 
lenses. A combined embodiment With indirect and direct 
beam conduction or shaping is particularly expedient. Spe 
ci?cally the combination of a mount of the light-conducting 
?bers, Which may be realiZed as a spline system, With micro 
lenses disposed in the optical path doWnstream of the ?ber 
ends for collimation or focussing is suitable to implement, in 
an ideal manner, all the optical functions of an inventive 
transmission system in a single device. One piece of this 
device is provided on each mobile unit. Likewise, the 
function can be performed With an active element such as a 
laser diode With a lens disposed behind it. Active systems 
With micro-mechanical actuators can also be used. 

The folloWing special embodiments can be realiZed here 
Without any problems: 

Lens array: several lenses are applied on a support (eg 
conventional refractive, di?‘ractive structures produced 
as Fresnel structures With manufacturing processes 
such as etching or stamping, Which are common micro 
technology) Which shape and de?ect the radiation as 
desired, eg by collimation or focussing. 

High-precision ?ber lens array block made of one piece 
(quasi monolithic): the splines are machined in a silicon 
piece, like the lens elements associated With the splines. 

In still another advantageous embodiment of the inven 
tion, the passive optical element may be an individual lens, 
for example. This may be expediently integrated by fasten 
ing the light-conducting ?bers so as to form a single com 
plete micro-optical collimator, for instance. Such micro 
assemblies can then be disposed in succession by micro 
mechanical high-precision ?ts in any number Whatsoever. 

It is equally possible for the passive optical element to 
consist of a lens array. This lens array may comprise a 
one-dimensional, preferably linear, array. TWo-dimensional 
arrays of the lenses are very expedient because they save 
space. For example, they may be disposed in a circular or 
square matrix or even With a lateral shift relative to each 
other. Three-dimensional arrays can also be realiZed With 
substantial advantage. Moreover, passive optical elements 
like guides for optical Waveguides, especially light-conduct 
ing ?bers, may be provided as Well. These may equally have 
a one-, tWo- or three-dimensional con?guration. 

Another expedient embodiment of the invention is pro 
vided With integrated active optical elements. These may be 
light-emitting diodes, laser diodes or even photo diodes, for 
example. 

According to a further advantageous embodiment of the 
invention, the active or passive elements are equally pro 
duced from one piece. For example, the monolithic combi 
nation of a laser diode With a lens or a ?ber mount is of 
particular interest because in such a case all the important 
functions are integrated into a single unit. 



US 7,246,949 B2 
7 

Another expedient embodiment of the invention com 
prises beam-guiding or beam-shaping elements such as 
lenses that are manufactured in one piece together With 
guides of the coupling or decoupling components. 
A further advantageous embodiment of the invention 

provides for the integration of beam-guiding and beam 
shaping optical elements in a ?rst structure. The coupling or 
decoupling elements are integrated into a second structure, 
With both structures being precisely aligned to each other via 
a positive locking element. 
A lens array With a high-precision pitch (distance betWeen 

the lenses) is ?xedly mounted on an array formed of ?bers, 
receivers or transmitters While the alignment is achieved 
either by a positive locking provision, eg via an optical ?at 
as spacer (the thickness of the lens support can be tuned 
immediately With the focal length of the ?at) and guiding 
?ber grooves for positioning or With a positive locking 
means realiZed in another form (cf. U.S. Pat. No. 5,446,815). 

In yet another expedient embodiment of the invention, 
beam-guiding and beam-shaping optical elements are inte 
grated into a ?rst structure. The coupling or decoupling 
elements are integrated into a second structure, With the 
possibility to align both structures relative to each other and 
to ?x them later on. In this manner, for example, the 
coupling or decoupling components are positioned With a 
match With the lenses, or vice versa. Hence a reciprocal 
speci?cation of the positions is envisaged in manufacture. 
To this end, various alternatives are available: 

The individual ?bers are disposed individually behind the 
lens array and then fastened there by an adhesive. This 
adjustment aspect is Well knoWn as seen, for example, 
in Us. Pat. No. 5,559,915; 

The exposure determines the position of the ?bers: By 
Way of alignment through the focal point of the asso 
ciated lens, the ?ber guide is drilled individually for the 
?bers, eg by micro-processing techniques operating 
on an Excimer laser (the illumination of the lens arrays 
With a parallel beam generates focal points in an ideal 
positioning relative to the lenses, as far as the mutual 
positioning is concerned); 

The exposure determines the position of the lenses: An 
etching mask for the lenses is exposed through the 
?bers of a ?ber array so that the etching masks for the 
lenses Will be created at the suitable positions; 

The ?bers are correctly positioned in an optimum manner 
by micro-mechanical actuator elementsiactive adjust 
ment (e.g. “Cronos 3D Fiber Aligner”). This is carried 
out either once With subsequent ?xing or continuously 
in the event of high demands on the rotary modulation. 

According to another expedient embodiment of the inven 
tion, beam-guiding and beam-shaping optical elements are 
integrated in a ?rst structure. The coupling or decoupling 
elements, respectively, are integrated in a second structure, 
With both structures being continuously adjustable relative 
to each other. With this provision, it is possible in particular 
to compensate continuous or even periodic variations. This 
form of adjustment may be implemented, for instance, by a 
micro-mechanical actuator that shifts the arrays relative to 
each other, for example, or also by a macro-mechanical 
actuator element such as, for example, a pieZo ceramic 
element. 

According to yet another further expedient embodiment 
of the invention, beam-guiding and beam-shaping optical 
elements are integrated in a ?rst structure. The coupling or 
decoupling elements, respectively, are integrated into a 
second structure, With one structure being adapted to the 
other one in manufacture. Hence, ?rst one of the structures 
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8 
is produced and then the second structure is produced With 
a match With the ?rst one in such a Way that the tolerances 
Will be at a minimum. 

In another expedient embodiment of the invention, beam 
guiding and beam-shaping optical elements are integrated in 
a ?rst structure. The coupling or decoupling elements, 
respectively, are integrated into a second structure. Here, 
both structures are con?gured as one- or multi-dimensional 

arrays corresponding to each other. 
Due to the arrangement in arrays, a perfect mutual adjust 

ment of the coupling or decoupling elements, respectively, 
and the lenses along three axes for all channels (24n) Will be 
ensured in the folloWing Ways: 

spacing of the arrays 
focal position of the lenses 
beam-shaping, alignment in both arrays along the tWo 

axes orthogonal on the optical axis 
parallelism of the optical axes of the individual beams 

relative to the mechanical axis of rotation or relative to 
each other in the case of individual positioning 

orientation of the beam. 
For a precise adjustment it is only necessary to adjust the 

complete second array. According to an alternative, one of 
these arrays is provided With individual actuator elements on 
its components for adaptation of the position of the com 
ponents to the corresponding component of the other struc 
ture. 

In another advantageous embodiment of the invention, the 
beam-guiding or beam-shaping optical element is a photo 
active medium. This medium is so con?gured that the 
projecting properties of the lenses adjust themselves appro 
priately in response to the irradiation through the coupling or 
decoupling elements. 

According to a further particularly expedient embodiment 
of the invention, a de-rotating system is provided When at 
least one channel is to be transmitted outside the axis. 
An advantageous aspect of the present invention resides 

in the fact that an active optical element is used as de 
rotating system. This element is so designed that it creates 
the de-rotation by a change of its optical characteristics and 
need hence not be mechanically moved With the rotation. 

Such an improvement of the invention presents the advan 
tage that the omitted additional bearing and gearing com 
ponents permit further savings in space and Weight and that 
possibly even adjustment problems can be eliminated due to 
the adaptability of the optical element. 

In another expedient embodiment of the invention, a 
photoactive medium is used as active optical element for 
de-rotation. The de-rotation is hence realiZed under control 
by the incident light. In a photoactive material, the project 
ing properties set themselves automatically in correspon 
dence With the radiation from the coupling and de-coupling 
elements. The “precision” is here achieved rather by a 
self-adapting system that is also insensitive to misalignment. 
The de-rotating system is implemented in the form of a 
photoactive crystal Whose optical properties are changed in 
response to the irradiation With the optical signals to be 
transmitted. When these signals are superimposed, a refrac 
tive index gradient is formed in the crystal (change of the 
refractive indices in response to irradiation), Which ensures 
that the light of all coupled channels can also be coupled 
over into the receiving channels in an optimum manner. As 
this effect betWeen the ?bers determines the signal as such, 
i.e. the projection change in the crystal, changes in terms of 
position and direction of the individual channels do not 
result in an impairment of the transmission quality but only 
in an adaptation of the projecting properties of the crystal. 
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This means that the system re-adjusts itself continuously. 
Consequently, the rotation of the transmitting side, for 
instance, relative to the receiving side, does not play a role 
While the photoactive element need not folloW this rotation. 
This solution is particularly expedient because any further 
control signals need not be supplied from the outside. In 
other Words, this system is completely passive. Such a 
“neuronal optical system” has been described in “E?icient 
Self-Aligning Multi-Beam Coupling into a Single-Mode 
Fibre”, Journal of LightWave Technology, vol. 13, No. 1, 
January 1995. 

This technology also permits the realiZation of the beam 
shaping, direction-determining and the optical de-rotation 
functions With a single optical element betWeen the input 
and output components. 

According to a further embodiment of the invention, an 
acousto-optic Dove prism is used as active optical element 
for de-rotation. The projecting properties of an inverting 
element such as a Dove prism are replaced by tWo acousto 
optic beam de?ectors and a cylindrical concave mirror 
therebetWeen. This element is then stationary and the rota 
tion of the light beams is induced by the application of 
periodically varying light beams. Such a de?ector system 
has been described in “Ultrafast Non-mechanical Image 
Rotation Using an Acousto-optic Dove Prism (AODP)” in: 
Optics and Photonics NeWs/December 97. 
A further embodiment of the invention provides for a 

passive optical element as de-rotating system. This element 
performs the de-rotation by Way of its optical projecting 
function and need therefore not be rotated along With the 
principal movement. 

In another embodiment of the invention, a passive optical 
element is used as a de-rotation system Which is inverting. 
For this reason, this element must be rotated at half the 
angular velocity of the principal rotation. The inverting 
optical element of the de-rotating system (in one of the 
knoWn designs such as the Dove prism, the inverting optical 
?ber pipe, etc.) may be “actively adjusted” in case of loW 
demands on loW variations in attenuation, both once With 
subsequent ?xing and continuously during operation. This 
may be performed by highly sensitive actuator elements 
such as pieZo actuators that are re-controlled in the case of 
continuous adjustment via a control loop. 
As on account of mechanical tolerances in the manufac 

ture of an inverting optical element (eg the angular preci 
sion of the di?fracting ?anks in the Dove prism or the 
inaccuracies created in the Schmidt-Pechan prism by the 
cementing of tWo components) or on account of the adjust 
ment of the optical axis of the inverting element relative to 
the axis of rotation, Which cannot be achieved optionally 
With good results, tumbling movements of the focal point 
may occur4even in the case of ?ber/lens arrays With ideal 
adjustment relative to the axis of rotationiunacceptable 
variations in attenuation Would occur for some applications. 
A more stable signal could also be achieved via the rotation 
(smallest variation of attenuation possible) by an actively 
supported inverting optical element. In addition to the 
mechanical rough adjustment, the element Would be 
mounted on both sides (on the rotor and stator sides) With at 
least one pieZo actuator element and an associated opposite 
support in order to be able to set the optical axis of the prism 
With such a high sensitivity that it Will coincide With the 
mechanical axis of rotation of the element or of the rotating 
?ber/lens array, respectively. 

The pieZo actuator element ?rst of all entails the advan 
tage that it permits much higher sensitivity in the move 
ments than adjusting screWs. It could hence be possible to 
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10 
align the actual optical axis of the prism once to the axis of 
rotation and ?x it in this position. When the variations in 
attenuation are still too Wide for a particularly demanding 
application, the adjustment could be continuously controlled 
in an adaptive manner also during the rotation so that then 
effects such as residual bearing play, gearing play or minute 
residual misalignment of the ?ber/lens array could be cor 
rected. The pieZo actuator elements are then controlled via 
a control loop in such a Way that the ?bers in the array are 
alWays hit by the focal points of the lenses to a maximum 
extent. 

Compared against the adjustment of individual ?bers, this 
variant presents the advantage that only a small number of 
actuator elements is required, that these elements may be 
manufactured With larger dimensions and that only one 
channel must be interrogated for the control loop, rather than 
each channel individually. Moreover, a separate channel, 
through Which further information is not transmitted, may be 
used exclusively for control purposes. 

The siZe of the inverting optical element of the de-rotating 
system can be slightly shortened or simpli?ed, as far as the 
manufacture in large quantities is concerned, by replacing 
the refractive surfaces of a prism or a lens by Fresnel 
structures or di?fractive structures, respectively. An illustra 
tion of such a system has been published in “A NeW Type of 
Lens With Binary SubWavelength Structures”, in: Optics and 
Photonics NeWs, December 1997. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects, features and advantages of the 
present invention Will become more readily apparent from 
the folloWing detailed description of currently preferred 
con?gurations thereof When taken in conjunction With the 
accompanying draWings Wherein: 

FIG. 1 is a schematic vieW shoWing a general embodiment 
of the present invention; 

FIG. 2 is a perspective vieW of a monolithic collimator 

block; 
FIG. 3 is a perspective vieW of an opened monolithic 

collimator block structure of the block shoWn in FIG. 2; 
FIG. 4 is a perspective vieW illustrating the array posi 

tioning operation by Way of positive locking connection; 
FIG. 5 is a perspective vieW shoWing a ?ber mount With 

positioning elements; and 
FIG. 6 is a perspective vieW of a tWo-dimensional array. 

DETAILED DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates, by Way of example, a ?rst collimator 
block (111) and a second collimator block (1b) With a 
de-rotating element (12) disposed therebetWeen and 
arranged for rotation about an axis of rotation (14). The 
light-conducting ?bers (3a, 3b) are guided in the respective 
collimator blocks that are con?gured as micro-optical com 
ponents. Appropriately integrated lens systems are used to 
create parallel light pencils (13a, 13b). The latter are then 
projected by the de-rotating element (12) onto the respec 
tively other collimator block. 

FIG. 2 is an exemplary illustration of a monolithic colli 
mator block (1) of the type used in FIG. 1. The lenses (2) as 
Well as the mounts receiving the ?bers (3) (not shoWn) are 
integrated into this block. The ?bers are fastened, i.e. 
mechanically ?xed, by a clamping block (4) in the positions 
predetermined by the ?ber mounts. 

FIG. 3 shoWs an opened collimator block (1) according to 
FIG. 2, seen from the rear side. Here, the ?ber mount is 
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con?gured in a bipartite form. For example, a ?rst V-shaped 
groove (18) is provided in the collimator block directly, 
Which corresponds to a second groove (19) in the clamping 
block. The ?ber (3) is held betWeen these tWo grooves. 

FIG. 4 shoWs a modi?ed embodiment of a micro-optical 
collimator system. In that modi?ed con?guration, a ?rst 
groove (8) in the lens array and a second groove (7) in the 
?ber array are provided for the precise positioning betWeen 
a lens array (5) that includes the individual integrated lenses 
(2) and the ?ber array (6) that comprises guiding grooves 
(11) for the ?bers. A doWel pin or even an appropriate ?ber, 
for example, is inserted into the opening for mounting. 

FIG. 5 shoWs an arrangement in Which the ?ber mounts 
(9) With associated positioning elements are provided for 
precise positioning of the ?bers (3). Such positioning ele 
ments may be micro-motors, ?ber aligners and other 
devices. 

Finally, FIG. 6 illustrates an array including a ?ber array 
support (10) composed of guiding groove plates stacked one 
on top of the other in a sandWich manner. The individual 
guiding grooves (11) are preferably V-shaped but may also 
be con?gured in a U-shape. 

The invention claimed is: 
1. Method for manufacturing an optical joint as an inter 

face for a multiple channel transmission of optical signals 
betWeen parts mobile for translation or rotation, comprising: 

forming a micro-optical component as a single, mono 
lithic unit of optical elements selected from optical 
beam-guiding elements and optical beam-shaping ele 
ments; 

disposing the micro-optical component on one of at least 
tWo parts that are mobile in rotation or translation 
relative to each other during optical signal transmis 
sion; and 

a de-rotational optical system provided betWeen the parts 
When at least one of the multiple channels is to be 
transmitted outside a rotational axis of a part. 

2. Device manufactured according to claim 1, Wherein 
said beam-guiding or beam-shaping elements contain at 
least one active or passive optical element. 
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3. Device manufactured according to claim 2, Wherein a 

passive optical element is a separate lens, a lens array, or a 
guide for optical Waveguides including light-guiding ?bers. 

4. Device manufactured according to claim 2, Wherein an 
active element is a transmitter or a receiver comprising a 
laser diode or a photo diode, respectively. 

5. Device manufactured according to claim 2, Wherein 
said active or passive elements are machined out of the one 
piece. 

6. Device manufactured according to claim 1, Wherein 
said beam-guiding or beam-shaping elements are manufac 
tured from the one piece together With guides for coupling 
or decoupling components. 

7. Device manufactured according to claim 6, Wherein 
said beam-guiding or beam-shaping optical elements are a 
photoactive medium in Which properties of a lens array are 
appropriately formed as a result of irradiation through the 
coupling or decoupling components. 

8. Device manufactured according to claim 1, Wherein an 
active optical element serves as the de-rotating system to 
perform a de-rotation by a change of optical characteristics 
thereof Without requiring to be rotated. 

9. Device manufactured according to claim 8, Wherein a 
photoactive medium is the active optical element provided 
for the de-rotation. 

10. Device manufactured according to claim 8, Wherein 
an acousto-optic Dove prism is the active optical element 
provided for the de-rotation. 

11. Device manufactured according to claim 1, Wherein a 
passive optical element is provided as a de-rotating system 
to perform the de-rotation by an optical projection function 
thereof Without requiring rotation. 

12. Device manufactured according to claim 1, Wherein a 
passive optical element is provided as de-rotating system 
Which is both inverting and rotated at half an angular 
velocity. 


